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ABSTRACT 
Three model atmospheres have been de r ived  f o r  use i n  mission planning,  
aerospace lander  des ign ,  and Martian o r b i t e r  and f lyby  s t u d i e s .  
parameters  f o r  t hese  t h r e e  models have been c a l c u l a t e d  from t h e  p l a n e t a r y  
s u r f a c e  to  10,000 k i lometers .  These t h r e e  model atmospheres o f  d i f f e r i n g  
atmospheric composition, s u r f a c e  pressure, and s u r f a c e  temperature are 
the  upper d e n s i t y  model (60 percent  COP and 40 percen t  N2); t h e  mean 
d e n s i t y  model (100 percent  C02); and the lower d e n s i t y  model (80 percent  
CO, and 20 percent  Ar). The genera l  program of  Kern and S c h i l l h g  191, 
w i t h  a few r e v i s i o n s ,  w a s  used; t h i s  pub l i ca t ion  contains t h e  d e t a i l s  o f  
t he  mathematical  b a s i s  and program rou t ines  i n  cons iderable  depth.  The 
models chosen should provide va lues  which w i l l  be of  use as gu ide l ines  
for t h e  engineer ing  and design of o r b i t i n g  and landing v e h i c l e s .  
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5'  SUMMARY 
Three model atmospheres have been der ived f o r  use i n  mission planning,  
aerospace lander  design,  and Martian o r b i t e r  and flyby s t u d i e s .  Atmospheric 
parameters for these  t h r e e  models have been c a l c u l a t e d  from t h e  p l ane ta ry  
su r face  to 10,000 kilometers.  These t h r e e  model atmospheres of  d i f f e r i n g  
atmospheric composition, su r f ace  p re s su re ,  and s u r f a c e  temperature are 
t h e  upper d e n s i t y  model (60 percent C02 and 40 percent  N2); t h e  mean 
d e n s i t y  model (100 percent C02); and t h e  lower d e n s i t y  model (80 pe rcen t  
C02 and 20 percen t  A r ) .  The general  program of  Kern and S c h i l l i n g  193, 
w i t h  a few r e v i s i o n s ,  w a s  used; t h i s  p u b l i c a t i o n  contains  the  d e t a i l s  o f  
t h e  mathematical b a s i s  and program r o u t i n e s  i n  considerable  depth. The 
models chosen should provide values which w i l l  be of use as gu ide l ines  
for  t h e  engineer ing and design of o r b i t i n g  and landing veh ic l e s .  
I. INTRODUCTION 
The o c c u l t a t i o n  experiment on Mariner I V  has provided d a t a  t h a t  have 1 
I 
permit ted the  formulation of  more c r e d i b l e  s e l f - c o n s i s t e n t  model atmos- , 
pheres f o r  Mars. 
t o  t e n  m i l l i b a r s  su r face  pressure and from 150' to  270' Kelvin i n  s u r f a c e  
temperature.  
I This experiment i nd ica t ed  p res su res  ranging from four  I 
I 
Mars is a n  obvious ob jec t ive  f o r  p l ane ta ry  s t u d i e s  and exp lo ra t ion ,  
and should be a major goal  i n  the f u t u r e  space program. 
t o  Mars has been success fu l ly  flown i n  Mariner I V .  This probe yielded a 
weal th  of  new information on su r face  cond i t ions ,  t h e  atmosphere, t h e  
p l ane ta ry  magnetic f i e l d ,  and the p l a n e t a r y  mass. F r o m  these  d a t a ,  more 
real is t ic  eva lua t ions  of  t h e  p l ane ta ry  cond i t ions  may be made. 
The f i r s t  mission 
These new 
eva lua t ions  w i l l ,  i n  t u r n ,  be used i n  the design of more s o p h i s t i c a t e d  
instruments t o  narrow the range of values  even more. I n  a d d i t i o n ,  new 
missions w i l l  be planned t o  gather  extensive d a t a  on a r e a s  as y e t  
untouched. These new missions w i l l  be i n  the  form of  unmanned o r b i t e r s  
and landers .  These c r a f t  r e q u i r e  extensive d a t a  on the  magnetic f i e l d ,  
g r a v i t a t i o n a l  f i e l d ,  and e s p e c i a l l y  the  atmospheric cond i t ions  of t he  
p l a n e t .  This r epor t  dea l s  p r imar i ly  w i t h  the atmosphere of t he  p l ane t  
Mars, bu t  we a l s o  touch on the g r a v i t a t i o n a l  and magnetic f i e l d s  of Mars. 
I d e a l l y ,  one atmospheric model f o r  t he  p l ane ta ry  cond i t ions  should 
be given; however, even f o r  Earth t h i s  i s  not f e a s i b l e  s i n c e  t h e  upper 
atmosphere is  sub jec t  t o  d i u r n a l ,  l a t i t u d i n a l ,  and s o l a r  cycle  v a r i a t i o n s .  
A s  a r e s u l t ,  t h r e e  atmospheric models were generated wi th  t h e  suggest ion 
t h a t  (1) the mean dens i ty  model be used f o r  design,  and (2)  t he  design 
should be c r i t i c a l l y  t e s t e d  t o  v e r i f y  i t s  s u r v i v a l  i n  e i t h e r  of  t he  o t h e r  
two atmospheric models. 
We wish t o  thank M r .  C .  L. Hasse l t i ne  f o r  t he  suggest ions he has 
made during t h e  cons t ruc t ion  of t hese  models. We a l s o  wish t o  thank 
Mrs. Jeane t t e  Scissum f o r  r e v i s i o n s  made i n  the  o r i g i n a l  computer program. 
11. THE MARINER I V  OCCULTATION EXPERIMENT 
Probably the s implest  experiment c a r r i e d  ou t  by the r e c e n t  Mariner I V  
probe has provided more d a t a  on the  atmosphere of Mars than any o t h e r  
i nd iv idua l  experiment. It cons i s t ed  of observing the Doppler s h i f t  i n  
s i g n a l s  from the  probe as i t  w a s  occul ted by the  p l ane t  Mars. This 
Doppler s h i f t  provided a d i r e c t  i n d i c a t i o n  of  the atmospheric r e f r a c t i v e  
index from which the su r face  pressure and temperature may be i n f e r r e d .  
Johnson [ 2 ]  i n t e r p r e t s  the low dens i ty  near t h e  su r face  of  Mars as 
i n d i c a t i n g  t h a t  t he  atmosphere c o n s i s t s  almost e n t i r e l y  o f  carbon dioxide.  
Atmospheric composition from spectroscopic  observat ions of  Mars 
p r i o r  t o  Mariner I V  had provided some d a t a  on the  amount of carbon 
dioxide i n  the atmosphere. This w a s  obtained from examining the  pressure 
broadening of the weak C02  s p e c t r a l  abso rp t ion  l i n e s  near 8700 A and 
broad C02  bands near 21-1. One of t he  p r i m e  candidates  (before  Mariner I V )  
f o r  the major composition of t he  Martian atmosphere w a s  thought t o  be 
molecular ni t rogen.  Nitrogen had not been observed i n  t h e  s p e c t r a l  
emissions of Mars; but s ince  t h e  s p e c t r a l  l i n e s  o f  n i t r o g e n  l i e  o u t s i d e  
the e a r t h ' s  atmospheric windows, t h e r e  was no problem i n  accounting f o r  
t hese  missing d a t a .  Molecular n i t rogen  w a s  s e l e c t e d  because i t  w a s  
r e l a t i v e l y  heavy and would not r e a d i l y  escape from the  p l ane ta ry  g rav i -  
t a t i o n a l  f i e l d .  Also, molecular n i t rogen  does not have a high a f f i n i t y  
f o r  photochemical r e a c t i o n .  The l a r g e  percentage of n i t r o g e n  i n  t h e  
t e r r e s t r i a l  atmosphere undoubtedly played a r o l e  i n  the  s e l e c t i o n  of 
t h i s  diatomic molecule a s  the primary gas of  t he  Martian atmosphere. 
2 
Argon is now a primary candidate along wi th  molecular n i t rogen  f o r  
a second c o n s t i t u e n t  i n  the  atmosphere of Mars. Argon r e s u l t s  from the  
decay of potassium 40, and accounts f o r  about 0.9 percent  by volume of 
t h e  e a r t h ' s  atmosphere. 
f o r  argon on Mars using t e r r e s t r i a l  analogy. 
Owen [l] quotes a p a r t i a l  p ressure  of  2 m i l l i b a r s  
P o l a r i z a t i o n  s t u d i e s  by Kaplan, Spinrad, and S n c h  [ 8 ]  have ind ica t ed  
t h e  presence of p r e c i p i t a b l e  water vapor. 
is  almost ind i sce rn ib l e .  
But t he  amount of  water  vapor 
The molecular composition of  the Martian atmosphere i s  now considered 
to  be p r imar i ly  carbon d ioxide .  For our  mean atmospheric model of Mars, 
we chose a s u r f a c e  p re s su re  of 8,000 dynes/cm2 and a su r face  temperature 
of  210° K. An a d i a b a t i c  l apse  r a t e  of 5 O / k m  w a s  chosen wi th  t h e  t ropo-  
pause loca ted  a t  14 k i lometers .  To t h i s  p o i n t ,  our  model corresponds 
e x a c t l y  t o  t h a t  given by 'Johnson [ 2 ] .  
assumed t h a t  our  atmosphere would change from a purely mixed medium t o  
a gas undergoing s t r o n g  d i s s o c i a t i o n  and d i f f u s i v e  equi l ibr ium. When 
carbon d ioxide  is  d i s s o c i a t e d ,  t h e  r e s u l t i n g  atomic oxygen and carbon 
monoxide begin t o  undergo d i f f u s i v e  separa t ion .  The r a t e  of  change of 
mean molecular m a s s  should be r a t h e r  r ap id  s i n c e  w e  assume t h a t  t he  
predominant i on  a t  the  i o n i z a t i o n  peak is  atomic oxygen, O+. The mean 
molecular mass a t  120 k i lometers  i s  then  assumed to  be 22, composed 
p r imar i ly  of  60 percent  oxygen atoms, 30 percent  carbon monoxide, and 
10 percent  carbon dioxide.  
However, a t  60 k i lome te r s ,  w e  
A second p o i n t  which w e  consider i n  developing t h e  mean molecular 
mass curve has t o  do wi th  the  very  low magnetic f i e l d  which mus t  surround 
Mars. It has been est imated t h a t  the su r face  magnetic f i e l d  o f  Mars w i l l  
no t  exceed about 500 gammas (5 x loe3  gauss) .  J. A. Van Allen e t  a l .  [ 6 ]  
i n d i c a t e ,  as a r e s u l t  o f  Mariner I V  d a t a  obtained from the  Univers i ty  of 
Iowa "package" of low-energy-particle d e t e c t o r s  aboard, t h a t  t h e  e q u a t o r i a l  
s u r f a c e  magnetic f i e l d  of  Mars is l e s s  than 200 gammas, and t h a t  t hese  
r e s u l t s  suggest  i n t e r a c t i o n  of  t he  s o l a r  wind wi th  the  Martian atmosphere. 
This  i n t e r a c t i o n  may be of primary importance i n  determining t h e  phys ica l  
state of  t h e  atmosphere. J. J. O'Gallagher and J. A. Simpson 151 and 
E. J. Smith e t  a l .  141 also comment on the  s o l a r  wind i n t e r a c t i o n  wi th  
the  Mart ian atmosphere. I f  t h i s  is  so, then t h e  upper atmosphere o f  t h a t  
p l a n e t  must be r e l a t e d  very  in t imate ly  wi th  t h e  i n t e r p l a n e t a r y  environment. 
The solar wind w i l l  p e n e t r a t e  deeply i n t o  the  upper atmosphere and probably 
w i l l  become an  a c t u a l  p a r t  of t he  atmosphere i t s e l f .  
wind p a r t i c l e s  can pervade the  atmosphere i s  a sub jec t  f o r  f u r t h e r  
cons idera t ion .  We f e e l  t h a t  t he  upper atmosphere of Mars w i l l  d e f i n i t e l y  
be inf luenced by t h e  s o l a r  wind and t h a t  t h i s  w i l l  be even more s i g n i f i c a n t  
when the  upper atmospheric temperature i s  discussed.  E s s e n t i a l l y  a t  
1,000 ki lometers  above the  su r face  of Mars, t h e  s o l a r  wind is  the  primary 
source of t he  atmospheric composition. 
How deeply the  s o l a r  
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ATMOSPHERIC TEMPERATURE 
T = 9 2  (- f o r  Model I 150 
where H i s  the height  i n  ki lometers .  
By t h i s  method, we reach the  i n t e r p l a n e t a r y  temperature o f  about 
190,000" K a t  10,000 ki lometers .  This temperature d i s t r i b u t i o n  i s  based 
upon the  supposi t ion t h a t  t he  s o l a r  wind pene t r a t e s  t o  low a l t i t u d e s  
( r e l a t i v e  t o  the e a r t h )  on Mars. The s o l a r  wind i s  cooled as i t  c o l l i d e s  
wi th  the atmosphere, and i n  t h i s  manner becomes a p a r t  of t he  atmosphere. 
I f  one accepts t h i s  concept,  then the  atmospheric d e n s i t y  and composition 
w i l l  be a d i r e c t  funct ion of s o l a r  a c t i v i t y .  Also, t h e r e  w i l l  be no 
isothermal exosphere on Mars, but r a t h e r  .a continuous inc rease  i n  tempera- 
t u r e  u n t i l  the k i n e t i c  gas temperature of i n t e r p l a n e t a r y  space i s  reached. 
We have chosen t h i s  a l t i t u d e  as 10,000 ki lometers ,  al though the s o l a r  
wind predominates by 1,000 ki lometers .  
111. MODEL DESCRIPTIONS AND DATA OUTPUT TABLES 
A. MODEL I (UPPER DENSITY MODEL) 
Our u p p e r  d e n s i t y  model supposes the atmosphere t o  be composed 
of 69 percent  C 0 2  and 40 percent  N2 by volume. 
temperature of 270" K which might w e l l  be a mean u p p e r  l i m i t  t o  the 
atmospheric surface temperature of  t he  p l ane t .  Previous measurements 
of su r f ace  temperatures f o r  the p l ane t  Mars undoubtedly were not  i n d i c a t o r s  
of atmospheric su r face  temperatures.  Spec t r a l  measurements give the  
r ep resen ta t ive  temperature of the p l ane ta ry  su r face  which may o r  may not 
be i n  equilibrium with the overlying atmosphere. This i s  e s p e c i a l l y  t r u e  




The temperature a t  t h e  Martian su r face  probably v a r i e s  from about 
150" K t o  about 270" K.  These two values  make up our  proposed tempera- 
t u r e  extremes. A s  we mentioned e a r l i e r ,  we have chosen a n  intermediate  
temperature of 210° K t o  r ep resen t  our mean atmospheric s u r f a c e  tempera- 
t u r e .  On the o t h e r  hand, once we exceed 150 k i lome te r s ,  w e  have chosen 
t o  l e t  our temperature vary by the  equat ions 
T = 8 5  (- )1*83635 
150 f o r  Model I1 and Model I11 
and 
o n  Mars where t h e  tenuous atmosphere provides  very poor thermal i n s u l a t i o n .  
P l ane ta ry  su r face  temperatures probably undergo a mean d i u r n a l  v a r i a t i o n  
o f  as much as a f a c t o r  o f  t w o  g r e a t e r  than the  mean d i u r n a l  v a r i a t i o n  of 
t h e  atmospheric temperature immediately above the  sur face .  
A dry a d i a b a t i c  l apse  r a t e  o f  -4.55O K/km exists to  an a l t i t u d e  
of twenty-two k i lometers  a f t e r  which a l apse  ra te  of  -l.Oo K/km p r e v a i l s  
t o  100 ki lometers .  F r o m  100 ki lometers  t o  150 k i lometers ,  t he  isothermal  
r e g i o n  e x i s t s ;  and from 150 ki lometers  t o  10,000 k i lometers ,  t he  tempera- 
t u r e  v a r i e s  by the  equat ion 
H )1.8175 T = 92 (- 150 
The mean molecular mass i s  assumed to  be 37.6, which e x i s t s  t o  
an  a l t i t u d e  of  7 1  ki lometers .  A t  t h i s  a l t i t u d e ,  d i s s o c i a t i o n  is  assumed 
t o  begin wi th  the  r e s u l t i n g  components undergoing d i f f u s i v e  equi l ibr ium. 
A t  t h e  he ight  of  120 k i lometers ,  the predominant ion  i s  taken a s  atomic 
oxygen and a n  F2-type peaking of the ionosphere resul ts .  
The i n i t i a l  su r face  g rav i ty  is assumed as 375 cm/sec2 and v a r i e s  
w i th  inc reas ing  a l t i t u d e  by t h e  equat ion 
r 
r + z  g, = 375 (-)2, 
wher gz is the  a c c e l e r a t i o n  due t o  g r a v i t y  a he igh t ,  z ,  above the  su r face .  
The p l ane ta ry  r ad ius  r i s  taken as 3,381 k i lometers .  This  
equat ion  f o r  t h e  a c c e l e r a t i o n  due t o  g r a v i t y  w a s  used i n  a l l  models 
d i scussed  i n  t h i s  r epor t .  
The su r face  pressure ,  p ,  for t h i s  model w a s  chosen as 10,000 
dynes/cm2 r e s u l t i n g  i n  a ca l cu la t ed  s u r f a c e  d e n s i t y  o f  1.67 x 10’’ 
grams/cm3. This  mass dens i ty  w a s  derived through the  equat ion  
where p i s  the  atmospheric m a s s  dens i ty ,  M is the  mean molecular m a s s  o f  
t he  atmosphere, T i s  the  atmospheric gas  temperature ,  and R i s  t h e  univer- 
sal gas  cons tan t .  
of atmospheric dens i ty .  
This  equat ion was used throughout t o  c a l c u l a t e  t he  va lue  
5 
The geopo ten t i a l  p re s su re  s c a l e  he igh t  w a s  c a l c u l a t e d  t o  be 15.92 
ki lometers  a t  the su r face  dropping t o  10.02 ki lometers  by 22 ki lometers .  
The lowest ca l cu la t ed  value of  t he  p o t e n t i a l  p re s su re  s c a l e  height  was 
7.13 kilometers a t  7 1  ki lometers .  
The upper d e n s i t y  model should a l s o  be used i n  t o t a l  hea t ing  
s t u d i e s  o f  veh ic l e s  en te r ing  i n t o  t h e  Martian atmosphere. Apparently, 
a high argon content  i n  the  atmosphere w i l l  not  i nc rease  hea t ing  s i g n i f -  
i c a n t l y  [ l l] ,  which should be expected s i n c e  argon i s  an i n e r t  gas and 
i s  not  easi ly  ionized. 
We have found t h a t  t h e  p re s su re  and d e n s i t y  curves f o r  t h i s  model 
s t a b i l i z e  a t  r e l a t i v e l y  l a r g e  values .  The d e n s i t y  a t  1,000 ki lometers  i s  
j u s t  over grams per cubic  cen t ime te r ,  whereas t h e  p re s su re  i s  rea- 
sonably s table  a t  10'" dynes per  square cent imeter  which i s  t h e  p re s su re  
a t  700 kilometers on Earth.  
l 
Use of t h i s  model w i l l  r e s u l t  i n  atmospheric drag on aerospace 
veh ic l e s ;  t h i s  drag is correspondingly less on Mars than on Earth below 
700 kilometers and correspondingly g r e a t e r  on Mars than on Earth f o r  
a l t i t u d e s  g rea t e r  than 700 ki lometers .  
A t  any r a t e ,  i t  i s  apparent i n  a l l  models given here  t h a t  t he  
absence o f  an ex tens ive  isothermal region r e s u l t s  i n  l a r g e  s c a l e  he igh t s  
above about 200 ki lometers .  This tends t o  s t a b i l i z e  t h e  atmosphere of  
Mars more rapidly than on Earth.  
Extensive d a t a  on the physical  p r o p e r t i e s  of the atmosphere may 
be found i n  Table I. In a d d i t i o n  t o  the  previously discussed parameters,  
we have ca l cu la t ed  the speed of sound (cm/sec), columnar mass (grams/cm2), 
number dens i ty  , v i s c o s i t y  of t he  mixture (po i se ,  o r  grams/(cm-sec) 
and kinematic v i s c o s i t y  (cm2/sec). 
B.  MODEL I1 (MEAN DENSITY MODEL) 
The mean dens i ty  model w a s  covered i n  Sect ion 11, but w i l l  be 
repeated here f o r  con t inu i ty .  An atmospheric temperature of  210' K was 
chosen a s  a mean a t  the  su r face  of  Mars. The pressure w i t h  t h i s  model 
i s  taken as 8,000 dynes/cm2. 
chosen t o  ob ta in  a n  a l t i t u d e  of  fou r t een  kilometers a f t e r  which a l apse  
r a t e  of  -0.64O/km ob ta ins  t o  100 ki lometers .  Above 100 ki lometers  t he  
atmosphere i s  isothermal t o  an a l t i t u d e  of  150 ki lometers  a f t e r  which 
the  temperature v a r i e s  by 
A temperature lapse r a t e  of  -5O/km was 
T = 8 5  (- H )1.83635 
150 
A s  i n  Model I, t h i s  temperature i s  a r e s u l t  o f  t he  i n t e r a c t i o n  of t h e  
s o l a r  wind wi th  t h e  p lane tary  atmosphere. 
The mean molecular mass of t he  atmosphere w a s  taken t o  be 44 
a t  the  su r face .  A t  an a l t i t u d e  of 60 k i lometers ,  d i s s o c i a t i o n  and 
d i f f u s i o n  began. By 60 ki lometers ,  t he  atmospheric pressure  is 1.06 
dynes/cm2 on Mars, whereas t h i s  pressure is not  reached u n t i l  about 95 
k i lometers  on Earth.  
same as t h a t  f o r  oxygen, we  chose 60 ki lometers  as a reasonable  mean 
a l t i t u d e  fo r  photodissoc ia t ion  t o  begin.  An i n t e r e s t i n g  poin t  here  i s  
t h a t ,  i f  t he  mean molecular mass is not  assumed t o  d i s s o c i a t e  and t h e  
atmosphere is taken as isothermal  above 100 k i lometers ,  then in te rp lane-  
t a r y  d e n s i t i e s  w i l l  be reached by 220 ki lometers .  
model f o r  t he  atmosphere of any t e r r e s t r i a l  p lane t  t he  s i z e  of Mars. 
Another sub jec t  f o r  f u r t h e r  cons idera t ion  and poss ib l e  i n t e r e s t  might 
be t h e  e f f e c t  of  the  s o l a r  wind penet ra t ion  of  t he  atmosphere and t h e  
v a r i a t i o n s  i n  t h e  f l u x  of  t h e  s o l a r  wind a s  a poss ib l e  mechanism i n  
accounting f o r  t he  so-cal led "blue haze" phenomenon observed i n  the  
atmosphere of  Mars. 
Since the  bonding s t r e n g t h  f o r  CO, is  about t h e  
This is not  a reasonable  
The p res su re  scale height ,  using the  i n i t i a l  parameters s p e c i f i e d  
above, varies from 10.58 kilometers a t  t h e  p l ane ta ry  su r face  t o  6.5 
k i lometers  a t  30 kilometers .  According t o  Mariner N da ta ,  t h e  pressure  
s c a l e  he ight  should have been e s s e n t i a l l y  a cons tan t  o f  about  9 ki lometers  
i n  t h a t  reg ion .  For t h a t  t o  be t r u e  fo r  any case,  the  temperature would 
have t o  be almost isothermal  f o r  the f i r s t  30 ki lometers .  An isothermal  
atmosphere here  means t h a t  t he  atmosphere would be i n  r a d i a t i v e  equi l ibr ium. 
There is t h e  p o s s i b i l i t y  t h a t  t h e  C02 abundance i n  the  atmosphere maintains  
an isothermal  balance by condensing o u t  and revapor i z  ing . A subadiabat ic  
l a p s e  r a t e  could have been chosen assuming t h i s  o r  some s i m i l a r  mechanism 
a c t i n g  i n  the  lower atmosphere; however, we chose t o  go along wi th  a 
near-dry a d i a b a t i c  lapse rate because w e  need t o  know much more about t he  
r e a c t i o n s  tak ing  p lace  t h e r e i n  i n  order  t o  cons t ruc t  b e t t e r  models. We 
may, indeed, specula te  about these  r e a c t i o n s  bu t ,  without  conclusive 
evidence, our  specula t ions  a r e  only t h a t .  
I n  t h i s  model a dens i ty  of about 4.4 x is  reached a t  
10,000 k i lometers ,  which is on the  order  of t h e  expected i n t e r p l a n e t a r y  
dens i ty .  
in f luence  on t h e  atmospheric medium. 
The g r a v i t a t i o n a l  f i e l d  o f  Mars a t  t h i s  po in t  i s  s t i l l  a s t r o n g  
Table I1 is a t a b u l a t i o n  of a number of  parameters f o r  the  mean 
d e n s i t y  model of  t he  Martian atmosphere. A l l  va lues  a r e  i n  cgs u n i t s .  
7 
C. MODEL 111 (LOWER DENSITY MODEL) 
This lower d e n s i t y  model considers  t he  atmosphere on Mars t o  be 
made up of  80 percent C02 and 20 percent  argon. J. J. O'Gallagher and 
J. A. Simpson [5] r e p o r t  an implicat ion based on t h e i r  conclusions drawn 
from Mariner I V  da t a  t h a t  v i r t u a l l y  a l l  of t he  secondary product ion of  
p a r t i c l e s  from high-energy i n t e r a c t i o n s  t akes  p l ace  below the  s u r f a c e  
o f  Mars instead of i n  the  atmosphere, a s  on Earth.  F a s t  neutrons from 
cosmic r a d i a t i o n  and s o l a r  f l a r e  protrons of  s u f f i c i e n t  energy w i l l  
p e n e t r a t e  t o  t h e  s u r f a c e  o f  Mars; t h e  r e s u l t i n g  n mesons produced i n  
t h e  s o l i d  planet  w i l l  i n t e r a c t  w i t h  n u c l e i  below t h e  Martian su r face  
producing r ad ioac t ive  and s t a b l e  i so topes .  
From the above mechanism, w e  i n f e r  t h a t  t h e  gases  poss ib ly  
produced and r e l e a s e d ,  such as argon, may be i n  s u f f i c i e n t  q u a n t i t i e s  
t o  q u a l i f y  as secondary gases i n  t h e  Martian atmosphere. 
The inc lus ion  of argon i n  t h i s  model and n i t r o g e n  i n  Model I 
provides output d a t a  of i n t e r e s t  i n  t h e  cons ide ra t ion  of aerodynamic 
hea t ing  f a c t o r s  i n  the Martian atmosphere i n  a d d i t i o n  t o  the  f a c t o r s  
con t r ibu ted  by the 100 percent CO, atmosphere considered i n  Model 11. 
The s u r f a c e  p re s su re  w i t h  t h i s  model i s  taken as 4,000 dynes/cm2. 
A temperature lapse r a t e  of  -5.15O/km w a s  chosen t o  an a l t i t u d e  of t e n  
ki lometers  a f t e r  which a l apse  r a t e  o f  -0.15O/krn o b t a i n s  t o  100 ki lometers .  
Above 100 ki lometers ,  t he  atmosphere i s  isothermal t o  an a l t i t u d e  o f  150 
k i lome te r s ,  a f t e r  which the temperature v a r i e s  by 
T = 85 (- H )1.83635 150 
This minimum d e n s i t y  model provides a probable lower l i m i t  f o r  
t h e  atmosphere o f  Mars. Parachute descent t o  the  Mars su r face  should 
c e r t a i n l y  consider the e f f e c t s  of such an atmosphere as t h i s .  
Orb i t e r s  o f  t he  p l ane t  w i l l  c e r t a i n l y  not encounter excessive 
drag f o r  t h i s  model, s ince  the  atmospheric dens i ty  a t  100 ki lometers  
on Mars is  about t h e  same as t h a t  a t  300 ki lometers  on Earth.  Above 
t h i s  a l t i t u d e ,  the atmospheric d e n s i t y  f o r  Mars f a l l s  o f f  a t  a much 
f a s t e r  r a t e  than it does on Earth.  This i s  due t o  the r e l a t i v e l y  low 
temperatures between 100 and 200 ki lometers .  Once aga in ,  t h i s  atmosphere 
i s  found t o  s t a b i l i z e  by about one thousand ki lometers  because of  t he  
l a r g e  temperatures encountered. 
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Table I 
Maximum Density Model 
HE i Ci( l  P R E  S S i i W  
SPEED Of SOUND NUMBER DFNSITY 























1.5754OZSZE 0 J 















3.38OOOOOOE 0 3  
















3.70576265E O L  
2.43905170E 0 2  




1.320UOODOt F 3  
3.57263872t ? O  
5.750027316 Yb 
l.bb9OODDDE 02 
3.760OOOOOE 0 1  
P.988Rlb92E 05 
5.57bbS850E-Ob 
3.69474807E 0 2  
2.52419300E 02 







cl es/cm 3 
Height . . . . . . . . 
Pressure scale height . 
Speed of sound . . . . 
Pressure . . . . . . . 
Columnar mass . . . . . 
Number density . . . . 
Temperature . . . . degrees Kelvin 
Molecular mass . . dimensionless 
Density scale height centimeters 
Density . . . . . grams/cm 3 
Gravity . . . . . cm/sec 2 





Table I (continued) 
PLANET RADIUS. 3.38100OOOE 08 
MOLECULAR MASS: 3.76000000E 01 
SUPFACE GRAVITY. 3 . 7 5 0 0 0 0 0 0 E  02 
I N I T I A L  C O N D I T I O N S  
HEIGHT. 0 PRESSURE= 1 . 0 0 0 0 0 0 0 0 E  0 4  
TEMPERATURE- 2 . 7 0 0 0 0 0 0 0 E  0 2  
U F I R H T  PRESSURE TEMPERATURE D E N S 1  T I  . - . -  . 
PRESSURE SCALE HEIGHT COLUMNAR MASS HOLECULAA YASS G R A V I T Y  
SPEED OF SOUND NUMBER D E N S I T Y  D E N S I T Y  SCALE H E I G H T  V I S C O S I T V 1 H l X . J  
V I S C O S I T Y 1 R l H . J  
3 . 0 0 0 0 0 0 0 0 E  Ob 
9.34680bb7E 0 5  
2.23876607E 04 


















8 . 0 0 0 0 0 0 0 0 E  Ob 
7.29709993t 05 
1.9572882Vf 04 
2.b6000000E F 2  
7.26419944E-01 
1.2b071175E 1 b  
1.510000flOt @2 
4.13603245E-nl 




2 . 4 3 O O O O O O E  01 
6.71626140t-fl2 
1.3347519YE 7 5  






1.61900000E 0 2  
3.76000000E 01 
9.71850839E 05 
1.56900000E 0 2  
3.76000000E 01 
9.44653833E 05 
1.46900000E 0 2  
3 . 7 b O O O O O O ~  01 
8.897568356 05 
1.41900000E 02 
3 . 7 6 0 0 0 0 0 0 E  01 
8.62054555E 05 
1.31900000E 02 
3.7b000000E 0 1  
8.Ob13bb48E 05 
1.219OOOQOE 0 2  
3.7bOOOOOOE 01 
7.49526453E 05 
l.ll9OOOOOE 0 2  
3.4000'JOOOE 0 1  
7.b55077416 05 
1.01900000E 0 2  




2 .5b357485E 0 2  
1.1b913790E 08 
1.32872bOOE-Ob 




3.bb179374E 0 2  
2.64661360E 02 
3.34202138E O r )  
4.h4849753E-O? 






1.0240V727E 0 0  
@.33141813E-08 
3.b1808427E 0 2  
2 . 8 4 0 1 1 7 b 2 E  02 




I. 248222'78E 1 0  
5.84707172E-00 
3.574b3724E 02 
3.0835740bF 0 1  
5.2l370150E 1 0  
1.9U248513F-I9 
3.553OlZlSF 02 
3.?JlSJIbOf 0 2  
2.150bb191F 11 
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3 .  F5823158t-w 
R.51426150t 12 
9.19000000E 01 










































l.4OOOOOOOE 0 7  
1.10738035€ 06 
2.41117126t 04 















1.20566855E 0 6  
2.51590140E 04 
7 . z z o o o o n o t - r 4  
2.1082511Ut - n 6  


























2.975U051 I C - 0  7 
5.66016548t PV  








Table I (cont i nued) 
PLANET RADIUS. 3.38100000E 08 SURFACE G R A V I T Y *  3.750000006 02 
MOLECULAR MASS= 3.76000000E 0 1  
I N  I T  IAL CONDI T IONS 
HE1 “(1. o PRESSURE< i.ooooooooE 04 
TE: .RITURE= 2.70000000E 02 
nEicni PRESSURE TEMPERATURE DENS1 1 Y  
SPEED O f  SOUND NUMBER D E N S I T Y  D E N S l T V  SCALE HElQHT V I S C O S I T V ( M 1 X . )  
VISCOSITV(~IM.~ 
PRESSURE SCALE H E I G H T  COLUMNAR NASS MOLECULAR MASS G R A V I T Y  
1 . V O O O O O O O E  07 
2.42341910E Ob 















4 . 3 7 0 0 0 0 0 0 E - 0 5  
1.31647bbVE-07 




















































3.73508835t 0 7  
5.4700000OE 02 





4.01b57VSlE l?  
4.50000000E 07 
2.94318538E 07 










5.9897V552E 1 7  




















4.10000000~ o o  
~*11189OSOE 07 
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Table 1 (continued) 
INITIAL CONDlTlOIlS 
HE16MT* 0 PRESSURE= 1.00000000E 04 
TEMPERATURE= 2.70000000E 02 
PRESSURE TEWPE4ATURE DENS1 1 V  
G R A V  ITV HElGMT 
PRESSURE SCALE HEIGHT COLUMNAR WAS5 WOLECUCAR M A S S  
SPEED OF SOUND NUWEER DENSITY DENSITY SCALE HEIGHT VISCOSITI(MIX.) 
~ . O O O O O O O O E  07 
9.5b550173E 0 7  
2.24095773F 05 
1.51000OOOE 03 
3.5000000OE 0 0  
1.52126453E 00 
~ . O O O O O O O O E  07 
2.60916112E 05 
~ . ~ V L ~ O O W I E  oe 
1.3oOOOOOot-nb 
5 .  9487595Ut-JP 
4.08005977E 06 
1.93000000E 03 










3 . 1 0 0 0 0 0 0 0 E  0 0  
3.18775903E 06 
~ . O O O O O O O O E  oe 
2.217170b7E O B  
3.41176582E 05 
i.i5oooooot-n~ 
6 3 18355351t - 09 
2.87302192€ F6 
2.9OOOOOOOE 0 3  
2.9000000OE 0 0  
4.47065004E 0 8  
1.3831441bE-17 













~ . O O O O O O O O E  oe 






2.b0000000E 0 0  
1.41021543E 11 
~ . O O O O O O O O E  oe 





3 . b O O O O O O O E  04 






5 . 0 0 0 0 0 0 O O E  01 
5.44214618E 09 
1.69010374E Ob 














Tab 1 e I (cont i nued) 
PLANET RADIUS. 3 . 3 8 1 0 0 0 0 O E  08 SURfACE G R A V I T V .  3.7S000000E 02 
MOLECULAR MASS. 3 .76000000E 0 1  
I N I T I A L  CONDITIONS 
HE I GHT. 0 PRESSURE: 1.00000000E 04 
TEHPERATURE= 2.70000000E 02 
HEIGHT PRESSURE TEMPERATURE DENS! T I  
SPEED O f  SOUND NUMBER D E N S I T Y  D E N S I T Y  SCALE WEIGHT VISCOSITV(N1X.I 
PRESSURE SCALE HEIGHT COLUMNAR MASS MOLECULAR MASS PRIVITY 
7.00000000E OU 
1 -15526261E IO 



















































END OF PROBLEM 
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Table  I I  
Mean Density Model 
INPUT CWSTAYTS 
CLAMET RADIUS. 3.S8100000E 08 SUaFACE G R A V I T Y =  3.150000005 02 
MOLCCULAI MASS. 4.40DOOOOOE 01 
HEIOYT PRESSURE TEMPERATURE DENS1 I V  
SPELD OF SOUND NUMB€* DENSITY DEkSITY SCALE M E I O l r l  VISCUSlTY(M1X.) 













































3.7S9776526 0 0 































Parameter U n i t s  
Height . . . . . . . . centimeters 
Pressure scale height . . centimeters 
Speed o f  sound . . . . . centimeters/sec 
Pressure . . . . . . . dynes/cm 2 
Columnar mass . . . . . . p a r t i c l e s / m  2 
Number density . . . . . part ic les/cm 3 
Temperature . . . . . degrees Kelvin 
Molecular mass . . . . dimensionless 
Density scale height  . centimeters 
Density . . . . . . . grams/m 3 
Grav i t y  . . . . . . . 
Viscosity(mix) . . . . 




Table I I  (continued) 
INPUT CONSTANT8 
INITIAL CONDIY IONS 
H I  I OH?- C n E s s u n i  T I H P E R A T U R I  D I N 8 1  T V  
W E I D  Or 8OUND NUM8ER D E N S I T Y  DChSlTV SCALE HCIOHT V I S C O S I T V ~ M I X . ~  
rncrrunc SCALE HEIOHT COLUMNAR M A S S  MOLECULAR MA8S ORAVIYY 
V l S C O S l T V ( l 1 M . J  
b.SI94n4bPE 05 1.90592252t-nl 4.40OOOOOOE 01 3.6/27b211E 02 
1,8JOO7854E 04 4,005V3070t ¶ 5  6,513Jb309E 05 2.549?1Ub4E 0 2  
1.2OlbOOOOE 02 
4 . 4 0 0 0 0 0 0 0 f  01 
b~ZlP344bbt 05 
1.17000000f 02 
















*lour PRESSURE TEMPERATURE DENS I T I  
PRESSURE S C A L E ' W E I G W  COLUMNAR (1455 MOLECULAR MASS 6RAV I TI 





- - - _ _ - _ _ _ -  
1.91 0 O D  0 ODt -.<3 
5.408939lBt-Ob 
































































































9.6600000Dt -0 7 
2.8738550Ot-09 



















Tab1 e I I  (cont i nued) 
INPUT CONSTANTS 
PLANET RADIUS. 3.38100000E 0 8  SUaFACE GRAVITY '  ~ * ~ ~ O O O O O O @  
MOLECULAR MASS= 4.4OOOOOOOE 0 1  
I N I T I A L  CONDIT IONS 
NCIPHT. 0 PRESSURE. 8.00000000~ 08  
TEMPERATURE= 2.10000000E 02 
ME 1 W T .  PRESSURE 1EMPERAT.URE D E N 8 l T V  
PRESSURE SCALE HEIGHT COLUMNAR RASS MOLECULAR MASS OnAVJTV 
SPEED Or SOUND NUMBER DENSITY DENSITY SCALE MElOHT V l S C O S I T V t M 1 X . J  
V I S C O S I T Y ( I ( I M . J  
. 
. 
2 . 0 0 0 0 0 0 0 0 E  07 
2.66430008E Ob 
3.739V9b72E 04 
2 . 5 O O O O O O O E  07 
5.06915230E Ob 
5.158183736 04 
3 . 0 0 0 0 0 0 0 0 E  07 
8.62706791E O b  




4 . 0 0 0 0 0 0 0 0 E  07 
1.9V934337E 07 
1.02452685E 05  
4 . 5 0 0 0 0 0 0 0 E  07 
2.7245blbSE 07 
1.1959911bE 0 5  









3.9ooooooot-ni i.4r~ooooo~ 02 
1.1748876bE-fl9 1.ZOOOOOOOE 01 





9.58oooonoe-n8 ~.17200000€ 02 
2.978Y1731t-10 9.50000000E 00 
3.19554388E Fb 5.91098077E Ob 
4 . 4 2 o o o o o o ~ - n ~  3.0350OOOOE 02 
1.41937760€-10 7.800000006 00 
1.05512198t Ob 1.03889143E 07 
2.74000000€-08 4.02900000E 02 
9.O9154649~-11 6.80000000E 00 
4.927111536 05 1.63457912E 07 
2 . 0 1 0 0 0 0 0 0 t - n 8  5.14000000E 02 
6.89495092€-11 5.700000006 00 
2.833ibbioe nt,  2.~7189821~ 07 
1.6200000Ok-n8 b.39000000E 02 
5.74834005t-11 5.20000000E 00 
1.8367635bE 05 3.62539510E 07 
1.38OOOOOOE-O8 7.76000000E 0 1  
5.06817548k-11 4 .700E0000E 00 
1.28841705E 1l5 5.04158174E 07 
i.iooooonat-o8 i.0800oooo~ os 
4.335b0573E- 1 4 .20000000E 00 
7.37917869L 4 4  8.42b78577E 07 
*.58OOOOOOt-n9 1.44000000C OS 
4.0628515bt-11 S.bOIOO00EL 80 
5.03963289E-17 
3.21593351E 02 
2.0?250103E 0 2  
4.11241865E 18 
1.36624248E-17 
















Table 1 1  (continued) 
I 
I 
M l W l  PRESS*€ TEMPERATURE M Y 8  I TV- 
WESSURE SCALE WEIEMT COLUMNA0 MASS MOLECULAR WAS1 




o . b w o o o n o t - w  i . o ~ o o o o o o ~  03 1.9313032OE-19 
3.4216930ut n4 2.0~98iiik 08 i.oa25nosz~ 02 





6.07000000~-09 2.28ODOOOOE 03 1.36225457E-19 
3.99649321k-11 3.20OOOOOOE 00 2.01927029E 02 
7.405073UOE 23 




7.65000000t-n9 2.77000000€ OS 9.9388304SE-20 
4.1026533Jk-ll S.OOOOOOOO6 00 1.05977205E 02 
1.9956476bk It4 4.12790020E 08 9.64713187E 01 
9.70649132E 20 
5.73oooooo&-n9 ~ . ~ ~ O O O O O O E O ~  1.95112694E-20 
9.15854194E-11 2.80000000E 0 0  6.25645440E 01 
4.19756498t 0 3  4.69397064E 09 7.61879006E 01 
3.90481117E 21 






5 . 2 2 0 0 0 0 0 0 ~ - ~ P  2.08DOOOOOE 04 8.1496797OE-21 
1.81821931t 03 1.34505203E 11 6.91090765E 01 
6,47997456E 21 




~ . P P O O O O P O ~ - n v  S . ~ ~ O I I O O O O ~  04 4.250455346-21 
3.96988861E-10 2.50000000E O D  1.256962226 01 
1.02415323t ?J  9.539913726 10 6.545529336 01 
1.53995956E 22 
5 . 0 0 0 0 0 0 0 0 ~  00 
5.12841215C 0 9  
1.64085U43E 06 
4.e6~0nooot-n~ S . ~ ~ O O O O O O E  04 2.Y27D97WE-21 
5.65199339k-11 2 . S O O O O O O O E  00 8.S9873617E Dl 





7.44000000E 04 3 122Y82126-21 
2.2OOOO0OOE 00 2.2501523YE 02 
1.249595406 10 6.1499417SE 01 
1.9f591208E 22 
9.870000006 04 1.15277246E-21 
9.54991391t 09 6.06038960C 01 
5.29722969t 2Y 
z.onoooooo6 O D  4 . 2 9 6 ~ 3 ~ 4 1 ~  02 









i.26ooo000~ 05 e.o50si8ii~-22 
1.@0000000f 00  6.9V9013016 (2 





I I  (cont i nued) 
PLANET RADIUS. 3 . 3 8 1 0 0 0 0 0 E  08  SURFACE GRAVITY.  3 ~ 7 5 0 0 0 0 0 0 E  02 
MOLECULAR MASS= 4 . 4 0 0 0 0 0 0 O E  0 1  
I N I T I A L  CONOITIONS 
H E I O H T ~  0 PRESSURE= 8 . O O O O O O O O E  0 1  
TEMPERATURE= 2 .1000000OE 0 2  
HEIGHT PRESSURE TEMPERATURE DENS 1 T Y  
SPEED OF SOUND NUMBER D E N S I T Y  D E N S I T Y  SCALE H E I G H T  V ~ S C O S I T V W I X . ~  
V I P P ~ C I T V I I C I ~  I 
9.OOOOOOOOE 08 , 4 . 6 7 0 0 0 0 0 0 k - 0 9  1 . 5 7 0 0 0 0 0 0 E  05 b . 0 8 1 8 5 0 7 4 E - 2 2  
2 . 0 4 7 6 2 2 3 2 E  1 0  4 . 5 0 8 7 6 8 0 1 E - 1 2  1 . 7 0 0 0 0 0 0 0 E  0 0  1 . 0 3 5 7 5 9 b b E  0 3  
3 . 2 7 8 7 2 1 8 8 E  O b  2 . 1 5 5 0 4 4 9 1 6  02 7 . 4 1 3 4 8 0 2 1 E  0 9  5 . 9 1 0 8 9 4 2 3 E  0 1  
9 . 7 1 8 9 0 7 0 9 E  22 
PRESSURE SCALE HEIGHT COLUMNAR M A S S  MOLECULAR MASS G R A V I T Y  
1 . 0 0 0 0 0 0 0 0 E  0 9  4 . 6 5 0 0 0 0 0 0 E - f l 9  1 . 9 0 0 0 0 0 0 0 E  05 4 . 4 1 5 3 0 0 0 2 E - 2 2  
2 . 8 0 8 1 1 6 1 8 E  1 0  3 . 2 3 5 3 9 4 6 6 € - 1 2  1.SOOOOOOOE 00 1 . 4 3 7 2 2 8 0 6 E  03 
3 . 8 3 9 8 1 5 7 4 E  O b  1 . 7 7 3 1 2 1 3 1 E  0 2  7 . 3 2 7 6 8 9 2 8 E  0 9  5 . 8 5 8 8 2 6 4 1 E  0 1  
1 . 3 2 6 9 3 7 3 3 E  23 
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Table I ! !  
Minimum Density Model 
YIIOUTa 0 C U I S I U R I I a  4.100800001 01 
T1MWR4TURla 1.900800008 0 1  
WllWT 
CRISSURC SCALl  Wl l1UT 







1 .000008001 06 
1.011114111 0 1  
1.61912011 04 
1.900000008 06 
1,01942004L 0 1  
1.611II98?1 04 
? . 0 0 0 0 0 0 0 0 1  06 
4 .  VTD168JIC 0 1  
1.416676811 04 
?.moorroas 06 
4.942441041 0 1  
1.61081?1TL 04 
He i ght . . . . . . . . .  










TIMCERATUIL D l W I  I T I  
1 ~ 9 0 0 0 0 0 0 0 1  02 l*J@SS4961~-8# 
4.110000005 0 1  1 .79000008  81 
7,691109168 0 1  1.7496J1?81 81 
4.149711471 07 
1 ~ 8 4 0 8 0 0 0 0 1  02 
4. J?OOO@88 0 1  
6.181961961 OY 
9.810000001 0 1  






9.0J77941TC os i.tzoooooor 01 
9*6JOOOOOO8 01 
4 ~ 1 2 0 0 0 0 0 0 1  0 1  




1.091146711 (1  
1.690411111 80 
cent imet ers Temperature . . . . .  degrees Kelvin 
cent i met e rs Molecular mass . . .  dimensionless - 
Speed of sound . . . . . .  centimeters/sec 
Pressure . . . . . . . .  dynes/crn 2 Density . . . . . . .  grams/cm 
Columnar mass . . . . . .  particles/cm2 Gravity . . . . . . .  cm/sec2 
Number density . . . . . .  particles/cm 3 Viscosity (mix) . . .  poise 
Viscosity (kinematic) cm2/sec 
Dens i ty scale hei ght cent imet rs 5 
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T a b l e  1 1 1  (cont i nued) 
I4PUf C O h i T A Y t 6  
3,50000000€ O b  
4.1bb45785C 0 5  
1,5POP382lC 04 
9.400O0000E 01 
4.320080001 0 1  
4,94061055~ 95 
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Tab I e (cont i nued) 
* L I N E 1  (IADIUS' S.S8lOOOOOE 08 SUQFACE G R A V I T Y ' .  3.75000000E 02 
MOLECULAd MASS. 4.32000000E 01 
I M I ~ I A L  CONO111ONS 
HElOnT- 0 Pv , F U W +  4.0000OOOOE OS 
tEtlPEI)ATURE= 1.500OOOOOE 02 
I iE I GM T PRESSURE TEMPERATURE DENS I T Y  
P e E S S U R t  SCALE HEIGHT COLUMYAR MbSS MOLECULAR MASS GRAVITY 


























Z.4aoo 0 0 0 oE-175 8.500OOOODE 01 9.82562974E-14 
?.113838)4t r )V 7.14723233E 05 7.6579384bE 02 
7.77348492E 15 
7.02~60585t-ne ~ . ~ O O O O O D O E  01 3.53145265~ 02 
6.5900000Ot-~6 8 . 5 0 0 0 0 0 0 0 E  01 2.33118159E-14 
1.87751493E-18 2.500OOOOOE 01 3.50995877E 02 
5.61701504t n8 8.053QlPbQE 05 7.6379364bE 02 
3.27642363E 16 
2.060000OOE-~6 8.50000000E 01 b.41269499E-15 
5.90506519t-n9 2.200OOOOOE 01 3.48853050E 02 
1.75584992k 08 9.208398bbE 05 7.65793846E 02 
1.19106530E 17 
7.130OOOOOt-! l6  8.500OOOODE 01 2.01776325E-14 
2.05643347t-n8 2.OOOOOOOOE 0 1  3.4b716784E 02 
6.07728638E n9 1.0191b4906 0 6  7.6379384bE 02 
3.78534918E 1 b  
2.680000POt-n7 8.50000000E 01 7.20508448E-16 
7.77?42453€-¶0 1.9OOOODOOE 01 3.44587579E 02 
2.28430961E n7 1.07943558E 06 7.6379384bF 02 
1.06007b18E 11 
1.09DODOBO€-n7 ~.5OOOOOOOE 01 2.62196024E-1b 
S.l8281690t-¶O 1.70000000€ 01 3.424bSV35E 02 
9.29066220€ nb 1.21390?39E 0 6  7.6J7P384bE 02 
4.68000000C-~8 9.57OOOOOOE 01 9.41073417E-17 
1.37506179E-¶O 1.b~0000OOE 01 3.4US4735PE 02 
3.54301518t 06 1.4b116739E Ob 7.19829ZlSE 02 
7.b4902610E 10 
2.~ioooooot-~e i.070000ooe 02 ~.@94e350s~-ii 
b.82952411*-¶1 1.5OOOOOOOt 01 3.38237330E 02 
1.5641100Jt nb 1.7334622S€ Ob b.#U7595129€ 02 
1.74?15202€ 19 
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T a b l e  1 1 1  (con t i nued) 
I N P U T  C O N S T A N T S  
I N I T I A L  C O U D I T I O N S  
H E I G H T =  o P ~ E S S U F ~ E =  4.00000000~ o s  
T E H P E R A T U R E =  1.50JOOOOOE 02 
HEIGHT P R E S S U R E  T E ,"P E 9 A T U R E D E N S 1  T Y  
P t l E S S U R E  S C A L E  I i E l D H T  C O L U V Y A N  M A S S  M O L F C l J L A R  M A S S  G R A V I T Y  
S P E t D  O f  S O U N D  N U H B E N  D ? N S I I Y  D C N S I T Y  S C A L E  IIEICHI V I S C O S I T V ( M l X . 1  
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2 . 6 6 4 3 0 0 0 8 E  Ob 






















































4 . 5 0 0 0 0 0 0 0 E  07 
2.72498802E 07 
1.19b08474E 05 










5 . 0 0 0 0 0 0 0 0 E  07 




1.74702412t 0 5  






1.05510052E 2 9  
6 . 0 0 0 0 0 0 0 0 E  07 
5.8b14421bt 0 7  
1.7!~421126€ OS 
6.069754lbE-21 
2 . 5 3 7 1 3 1 0 7 F  02 
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IWlTlAL CONDITIONS 
WE 1 G W =  o PHESSULEZ 4.00000000~ os 
TEI(PERATURE= 1.5000DOOOE 02 
I l E 1 6 H T  PRESSURE TECPEQATURE DENS1 r'l 
P@ESSURt S C A L E  HEIGHT C O L U M N A R  WASS HOLFCULAR MASS G l l A  W 1 1 V 
S r C c D  OF S O U N D  N u H B E H  D E N S 1  I V  DENSIrV SCALE hEICHr ' : I S C O S I T V ( W I X . )  
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4.68971065t 0 2  
1.8384OOOOE 03 











3.523622275 0 2  
2.2823ODODE 03 




1.47400600E 0 2  
7.87461659E 22 
1.OOOOODOOE 08 
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2.6000000DE o n  
1.39139648E 11 
l.ObP7147bE-22 








1.41544203t F 1  
3.53180000E 04 
2.50OOODOOE 0 0  
9.5446762E.c 10 
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6.449b2323t C U  
7.43640000E 04 






Tab1 e 1 1 1  (cont inued) 
INPUT CONSTANTS 
PLANET RADIUS. 3.38100000E 08 SUPFACE GRAVITY. 3 * 7 5 0 0 0 0 0 0 E  02 
MOLECULAW MASS. 4.32000000E 0 1  
I N I T I A L  C O N D l l l O N S  
HElOHT. 0 PHESSUEE. 4 . 0 0 0 0 0 0 0 0 E  03  
TEMPERATURE- 1.50000OOOE 02 
nEianT PRESSURE TEMPEQATURE DENS1 TI 
PRESSURE SCALE HEIGHT COLUMNAR MASS MOLECtJLAR M A S S  ORAV I T V  
S P E E D  or SOUNO NUMBER DENSITV DENSITY SCALE HEianT  VISCOSITY(MIX.)  
V I S C O S I T Y ( K l M . J  
7 . 0 O O O O O O O E  08 
1.0V412938E IO 
2.39670174E O b  
8.001000005 08 
1 .55353453E IO 
2.859881OOE 06 
~ . 0 0 0 0 0 0 0 0 E  08 
2.1tP?370?E IO 
3.37507328E O b  
1 . 0 0 0 0 0 0 0 0 E  09 
2.8084lbl8E 10 










6 .43OOOOOOE-11  
4 . 4 7 3 8 8 V 8 2 t - 1 4  
2.45186452t 0 0  
9.8bVbOOOOE 0 4  
2.00000000E 0 0  
9.54952688E O V  
1.2b123OOOE OS 
1.8OOOOOOOE 0 0  
8.323679iOE 09 
1.5bS77000E OS 
1.b0000000E 0 0  
7.855b004Sk 09 
1 . 9 0 0 0 0 0 0 0 E  os 















1.437228ObE I 3  
1.blSSO~POE 0 1  
2.b4bOO4509 24 
















Minimum Pressure Model 
/-Mean Pressure Model 
Maximum Pressure r Modet 
I I I I , -  
I 04 I02 10-8 10-6 10-4 10-2 100 
Pressure (dynes /cm2) 





















I O 0  
0 
J 
Minimum Density Model 
-Mean Density Model 
Maximum Density Model 
10-22 10-20 10-18 10-16 10-14 10-12 10-10 10-8 10-6 10-4 
Density. (grams / cm3) 








inimum Density Model A 7  
200 
I 8 0  
I60 
140- 
I 2 0  






5 IO 50 100 
Pressure Scale Height (km) 
Figure 3: Variation in the Pressure Scale Height for 
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